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[0013] 

On the surface of channel field c of the 
aforementioned silicon germanium channel layer 12 0, an 
aluminum oxide film 140 serving as a gate insulator layer is 
formed. The thickness of the aluminum oxide film 140 is 20-500 
A. A gate conductive layer 150 is formed on the aluminum oxide 
film 140. The gate conductive layer 150 is formed from 
polysilicon or a polysilicon-germanium alloy; however, it is 
not necessarily limited to these. Although not shown in the 
drawing, the source and drain electrodes are electrically 
connected to the source and drain regions 130, respectively. 
The aluminum oxide film 140 has a large dielectric constant 
compared with a silicon oxide or silicon nitride film. 
Therefore, when using the aluminum oxide film 140 as the gate 
insulator layer, compared with the case where a silicon oxide 
or silicon nitride film is used as a gate insulator layer, the 
conductance of the device can be further increased and allowing 
the operation speed of the device to be enhanced. 
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(54) MOS TRANSISTOR OF SIGE CHANNEL AND MANUFACTURING METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a MOS 
transistor having a SiGe channel with improved electrical 
characteristics, and its manufacturing method. 
SOLUTION: In this MOS transistor having an SiGe 
channel, a channel region C that is limited by source and 
drain regions 130 in a semiconductor substrate 100 is 
formed by an SiGe channel layer 120 with a high carrier 
mobility, and an aluminum oxide film 140 is used as a 
gate insulation film on it. A gate conductive layer 150 is 
formed on the aluminum oxide film 140, thus improving 
element speed and conductance. Especially, by forming 
the aluminum oxide film 140 at a low temperature, an 
improved gate insulation film can be obtained without 
causing the characteristics of the SiGe channel to 
deteriorate. 
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(54) [5£W<D&m S i Geft^WMOS h7>yX^R^^SIM 



(57) [S»] 

[RS] «»W*tt*«rSl±b&SiGey^>*^©MOS 
1 0 0 fi^V-XW h* K >f§J£ 13 0C 




§q 7;R-^Ai«i4 0±i:«y-hiiii 
jR^on >^ ^ >x*«jp s-^ens, #^7;i/^n 

^AftffclKl 4 0 SiafflTJgfiK-rSilttCcfcoTSiGe^ 



( 2 ) 

1 

i. 

E <h fSSiGe^-v >*;K£>M0S h 7 >> ! X^o 

M£-r£ff 3jfl 1 irSifcWSiGe? v >*;KZ>M0S h v > 

£ i£4$*<i:-r*IIMiJH 1 fCteftcOSiGe^ 
;K75M0Sh5>> J Xi5' o 20 

OfStt5 0~ 1 0 0 0 ATfcSHtSttftfr-BIIWi 
JS 1 ('|3®roSiGe^-^ >^;UCDM0S h 5 >> ; X^. 
tt*#JS5] l»IB7;i'5-'>A»fttt©P*tt2 0~ 
5 0 0 AT?**C,fc£*H*£r*W:^l fcE*<0SiGe 
-V > H 7 > X ^ „ 

# U > U 3 >-y;i/V-^A^<fc 0 fl2fiE£ ftfc d £ £ 
^©tf-SWJjcJR 1 lcE«<DSiGe^-v >*;KZ)M0S h => 
>i>X^„ 30 

1 tCfB®©SiGe^^>^;l'CDM0Sh5>>'X^ <> 
M0Sh5>yx^„ 

Z>Z.£Z¥fWlii?2>m$imi ICE«©5iGe?*>*;KD 40 
M0Sh5>vX^. 

J; 0 S tlfc £ t £ -T £ »#JB 9 \Z $m<DS i Ge 

^•v >*;|/©mos h 7 >^x^. 
[f»#Jll 1] iWE±#b*:y-x&.tf ki^>^£ 

Ge5 1 V>^;K^M0Sh5>^7 > ^. 50 
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[ffl#JSl 2] SMB*«S"J-«M Kg£«fi£-rs&JR 
teTi. Co, Ni. Pt^fc«Zr-ea&-5d<h*#®i:-r-5tt* 
JS1 1 (cEttWSiGe5 : -+>^;UroM0Sh7>vX^o 

[■1**13] (a)J6liiao*9#»««)7*f 

(b)ifi3v"j n >^Yz^Aft y*)\>m±.\z.f- v 

*fe «K t b T 7 5 - A B£ ftBt £ T 5 IS Hff £ . 
(d) WE7;U 5 n -j? A»fl:WtR mffiy- h ©— 

gp*i^*bTtsrEv'U 3 >y;i/T- ^a^-t >*jvm<D 
(e> wE¥«#*igOTg w*b± \z^m.m-< * > *a a 

(f)jfflBy-X««&tftfrE H K ><K«»c**«»W 

-f 2>&Vgt £"&tf £ £ SSiGe^-v >*JKDM0 

Sb^vX^SJig^ft, 
[W14] mlE->Un>y;i/'m^A5 1 v>^;i' 

fflLxaifT-rsdi:<£i#®t-rs»*«i 3tcE*«si 

Ge^-v >^;UWM0S h 5 >vX^«jg^}*„ 

®\Z, ->'J n>y— X^XtLTSift . SiH,Cl,. SiCl, 
S \ts i, H, ^/x b . -ir*;p v - o a y - x #x t 
LTGeH 4 ^X^^fflT-5Cli^#gi:fr-5»*«l 4tC 
E«©SiGe^-^ >*)MDmS b y >vX^®fjg^fc 

^f»*JS 1 3 fcEtSroSiGe^ >^;PWM0S h 5- >^X 

*=.>y&m{km&m&?rz>mzMnmm\ti o o~7 o 
[f»*^ 1 8 ] iWEy-xRtf k w-f >mmMi&cDrc 

*i|#@l[i-rSf»*^ 1 3f:E«COSiGe^V>^;K^M0S 

h5>^X^®{3g^„ 

1 X 1 0"~1 X 1 0" /cm 1 T. SAl*^=ftt 2 ~ 3 
OKeVTfeSdt*!t#®fr^>»*JSl 8KE«©SiGe 
J- \ > * )V CDM0S h 5 > 3? X ^ Sfit^f ft. 
[»#JX2 0] MEV-XSr;HW>I(S^l 
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3 

[~fBi£©SiGe^-r >*;U©M0S h =y >v 5 X^©jg^te. 

-f*>£&fflU ftASSKl x l o ,5 ~ 1 x l o'Vc 
m'X% SAx^J^ttl 0~8 OKeVTfc 5 
f?Z>m#m2 1 {CfB«<DSiGe^-^>^;PWM0Sh7> 10 

±#Lfcv-x&tf >ffl^?r^-r^aiigt, 

iWfB±#bfcV-XRtf Fl/I" >^^^CI5^« 

^a<&^fTbTmrfe±#Lfcy-x&^h*u-r >«« 20 
h, so, Rim, ommom^mm^-kmrnt vxmm Lt^m 

(CfBicWSiGe^-r >*;P©M0S h 7 > vX^Sjg^fe,, 
[f^J©WW<tI8BJ§] 30 

Co 0 0 1] 

mwvm-tz&ffiftm ^w^osf^vx^r 
ut<D&7&^mizm<o, &<onM\z\$'mftL#3&&tffo±. 

LitSiGe^ >*;KDM0S h- 7 >^X^R^©»ii^ 

m\zm-rz>. 

[0 0 0 2] 

CS£Jl5©a^] ^TMOSh^^X^WilijgfcRtfig; 

fco «i£«vU :3>y;^v-^AStt#§jg©$JjC£•^•v• 
>*J^£: LTtefflt-£8W^fglcW^£ftT<^-5#H> 
MOSh^^^X^-CW^-^UTWXl/i/ hn> 

7-^ a^ts e, \z&^ t. ^ 5 *n«Kft £ < *o ^nt 

[C. A. King, J.L.Hoyt, CM. Gronet, J. F. Gibbons, M.P. 
Scott and J.Turner, IEEE Elec. Dev. Lett., 10, 5 
2,(1 9 8 9)]. 

[0003] l*»u ->ua>y;u-?n^Asa«?ig<z> 
®mz?'r>*)i/£isT®im-?z>&m*Mm®m\zmm so 
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*> <D <D o *> tf>— O « -> U n -y A(S U Ge 

[0004] ^v^mzmmrtni. £?y-h$&m 

V X £ A (segrega t i on) £ ft -5 3 . 
y;U-7rz^A^<l«f^ft^^«l^^-r^<h, «ffl«fC 

&£<gT£-t±*. wz, y-hmmmtvxm^znz 

y'Jn>t-f h^f FM*^fig-r^fcJ60->U3>^r: 
lUteSS®, 0 Or&iT'HrTSftaOT, d 

<£> « k t> -> u n > y ; V V X >i7 A fl? £ ft £ F^j§ 79^ 

[0005] z\<n&ot£.mm*M®:-?z>rzst>\zMUfm. 

teIg£fcte->'Jn>g-ffcIg£CIMD(Coiiibined Ionand 
Molecular Deposition)ffilcHf3S^S^^ii^$ft 
& c £ *t & £ „ £ (DC I MDf£ ttftffltt»T ~> U n >g£ fbK 

[0 0 0 6] 

1 fcjRUfcSOT!**. 
[»1] 

u\t*yV7<D&Wim*. c. « y- h *6^K©+ + -> 

©*^©<MffiT(V„-V lb )©fi ; fotiiP$#|S^ <> figoT 

[0 0 0 7] *3fiWtt±BO^fc«**t$n&t>©T?. 
Y>^;p©M0Sh^>vx^?rti«-r-5c:i:(c:aba. * 

5gBjJCDftfi©@#Jte. MteSiGe^'V >^;U©M0S h 7 >v 
X ^ KjfiT a ^ft ^ Jfittf a Z\ t \Z & -5 . 
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[0 0 0 8] 

*Jl/©M0Sh5>->*X^te. IlitlCWMS 
i, £©*5»ffc!£«©±»*ffiTKffi5:i«IHr««fc"5fc 

[0 0 0 9] HHK^Un>yjV7-OAf^>^m<0 
/»£«5 0~ 1 0 0 0 A-P*«!lt#itl/Wl/. MfB 
7JI/5^£A&fl:J&©J|t£«2 0~5 0 0 ATab-Sdi: 

MiB v -xsy h* u-r >«s <h y- h«® s**-r -s # 
MBaas^uiM Fm&mtfttz&mmi* co. to. pi 

*fcttZrT»*di:*taSU^. 
[0 0 10] *^BJfC#SSiGe^v>^.;U©MOSh^> 30 

vx^©Mjg*^(rj;ti«. sr. mimnm<D¥m# 

zm&ltz. x.\z, m%z7)is.-oh.mitm±.\z>7-h 

may- h^«s©-gB*^*LTBi}iE'>un>y;^ 
zi>i7A5 L ^>^;i'S©«®©— a5^Stti^-t±. 
5-^AK^b«/x^->arxy- 

[ooii] mrfEvUn>y;i,^--i7A^'V>^;us^ 

T^fTf -5di7>tt?$. d©«-&fc^U rj>y-x#x 
t LTSiH, , SiH.Cl,. SiCl, SfcttSi, H, tfX&mm 
U y^vn^AV-X^fXibTGeH, ^X^tffltS 



©»^K*aa«»4i oo~7o otta&s^t^is 
L^o MBy-XRtfFW >««s»i«L.fca»z. tfr 

is 7 ;u = = v ass? fcit/t * - yms-m^f- v mmm /1 

^f-5fc«6ic. tfif3->U n>y;p-7-^A^^>^;p 
KVHW>fll4t«»AU. iE-©±#Lfcy-XRtf F 

©&s->'j-*m K*»j*-ra. fityuti' Fftirr 
k a o & saB&KB £ n**-r . 

[0 0 12] 

[««©*«©»»] UCF, mttLfcE®£#88UT# 
»W©a*Uti|IM©»afc^v»TWIBKttWT«. 0 
1 te#f£Bfl©— ^JfiJgjid^&SiGe^-v >*;U©M0S h 
7>yX^^tiiiT-a&5. 0 1 £#H-rttfc£> -> 
U3>J;DS:5lliii, fcfl>M ©¥«#*« 1 
0 0rtfctt*^«-««l 1 0Ck07ff^(B«4«ll! 
££n&. ffiB*?#-*4Kl 1 OKte. 0^LfcJ;3lc 
7 ^ HKflsfflU&afflTSStf. i^Ci^Ttt F u 

fii o o ©7 r -f ^fi«± c u n >yjKz ^ a 
=f-\>*)vm i 2 o*^^$n-5„ rc->U3>y;pv 

n^A^^ >^^B 1 2 0©P£«5 0~ 1 0 0 0 Af 
&•£>„ d©->un>ir I ^v-^A^-v>^;P«i 2 o 

«. *©— SB««(0ffiTcT^-rKK)d*MOS h 9 >>?X 
^©^•v>^JUffi^i:UT^tl-5 < , ->Un>y;pvn 
•> A^^ >^;Ua 1 2 0 1 0 0 ©-SBfS 

* 1 3 0 jWBS-jeiBIR. EP^^+>^^ffl«©g^c 

K:»*-r*wnH«vt«wr*«i:5 K»rit*n«. mos h 
7 > vx ^ ©5 1 \ >*)im&ifi -> u a >y;p v - ^ a i 

*;h«t?±o*+U7. fiP^s^©»K(S3{i^etc:ig 
*o.,_seoT* j p©»fpaflE*«isj±-r*. 



CXo_o_i 3]^B->ua>y;uv^«>A^+>*;u«i 

2 0©^v>^;i/fi«c©^B±(C«y-hite^<i:b 

xo7JRr^ 4 o^M^ns. c:©7;u 

5r.^AS?fb^l 4 0©JP£tt2 0~5 0 0Ata&5. 

d©7;U5->5A»{|;JKi 4 o±i:tty-hiiii 5 
o«»»j«$n*. 5 Otetf'jv'ja 

>*^tt# u > u n >-y;uv^^A^j; o^fig^n 

Ki^-r >«*i 3 o tn&toizmm-istiz&siz&rfi 

$n-5. «TlB7;P5r:^Ag?^l 4 Otty'Jn>ift 
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mt LTi&mtzmt?, ->u n >mm$.rz\-izs >j d > 
[0014] @2ii *m%<nm<D$m&WL\z® t z&\te 

HJS^Ii-Cffl^en^SiGe^^ >*;|/©M0S h 5 >>*X 
*tt, l#LfcV-XRtf H K >««S*ta tt»5 10 
jSTlWifi Lfc^ffiMm ±# b fc V -X R H 

^x^Kit^Tv-xBitfK i/'f >««©«««sts 
«t o m-w, \z e * e n « wis £ wr s . 

[0 0 15] 0 2 £#HTr*lfcf, '>ij3>iD&5JBl 

m2 i ofctoT^^-c^ffl^is^^n-s. 

«2 0 0cOT^^^^M^±iC«->iJ n>y;pv-^A 

^-^>*;u«2 2 o^fife^n-s.. :c->ij3>yjP7 

-^A? t 2 2 0 tt 5 0 ~ 1 0 0 0 Af 20 

£-5. C0y'Ja>y^yz^AfY>Ml2 2 0 
tt. -t©-»«[*(HST?cr*b&KIH)«mos f>7>? 

-^Af+>*JH2 2 0R.Z*¥a*#:aig2 0 0 ©— 
ffi^(CttSl2^«^, «*«Ha©V-.XRtf > 
(l*2 3 0««ttMMSI. WB5 l ^>*;Hfi*©fi* 
ctcMJSf *WIB*:W-|«Hf SiiKJBBK^n*. 31© 
V-XIi;HK>SS2 3 OttLDD(Lightly Doped Dr 
ain)*j6S*rr*. ftCtRSftfti^lC. M0Sh^> 
yX^o?t >*;M«l£#-> ij rj ^^v^AJ; 0 ffi* 30 

[0 0 16] MiBvU a^yjl^-^Ay^ >*)IM2 
2 0 ©y >^;i/®^c<DaS±(Ctty- h*fe&18i: L 

5nr>AgHt;Bl2 4 0COJP£tt2 0~5 0 0At**5, 
d©7;P5r:^Ag?Yb^2 4 0 ±(ctty- hmMM 2 5 

> $ fc tt # U u n >-y ;u v z^AM^fflbtf 40 

7)i>5.—V6,wti£m2 4o%.zty-bmnm 

2 5 OOffliJStCttX^— 9-2 6 0/W£fijc£tl&„ d<7)X 
^2 6 011 LDD«jSWV-X&U:HH'>M^2 

3 0 SMS t5fe«XO-f t >SA7X ^ i LTf bn 

zm-&'b$>2>o zl&xi— y-2 6 ott^u ?>mtm2 

6 1 t-/U3>t< h^-f h*g|2 6 2*«JB^:fc«H*n 
Zi*igT&-5. uOX^-t^2 6 0i:^W2 10 
iORfiT->'Jn>y;pv-9A5 1 i'>^;u@2 2 0©$ 
a±Ktt±#L;fcV — KU-f >SS«2 7 O^ffc 

C<D±#LfcV-XS.y:HU"f >«*£2 7 0 tt 50 
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mwrnrt * y & k - tf > y £ nfc ^ u n > « «t o p 

fijc£*1*. ±#bfcv-xRy:HH >ffi*£2 7 o±tc 
tt&* V-X&tf K K LT©tt$ffi£&?TT£ 
^IxUf'f H2 8 0*«Sn5. %Ltz?— h^*S 
1 5 0©±«*cB±l;:t>y-h««iLT©«tt«aifT 

-f •s&jg^u-tM h 2 9 oa^fig£ix-5„ ;m<=>&R:> 

U 1M H 2 8 0 . 2 9 0**J*?-*&JRf;iTI. Co, Ni, 
Pt3;£:ttZrT&-5. 

[0017] ^m<r>m2^mmm\z^±.m-ht^j- 
xz^mmm&G-rzy )V5.-<y &mitm2 4 0 sy- 

[0 0 18] 0 3 75S0 7tt. *5SWtC^SSiGe^-V> 

*;p©mos h y >iS7.?mm?sm$:mw-rz>tzsb\zm-? 

©±#L/fcy-XRtf H U"f >M*££*rr£SiGey-v > 

*;kdmos h 7 >>>x^^mmt^mizmhxwimt 

5 > V s X 9 \Z M b T |s| «t jgffl T- ^ S <k V» o Z. k. tt . 

[0 0 19] fj*B3fc*LfcJ:5l:. ^lSli, 0«J 
*«PS!©*i»#aS«3 0 0(C7^7-^yM«ASK^-r 
:®7?f^ yM«Attlg^«IK3 1 OfCiOIS 
SJW. *^SiK3 1 0tlTli^LfcJ;5/<£7 

T^ywBAfciRjeL&afctt. «RBii;^t->t;i' 

^YZ-JAft >*;H 3 2 0 COyUa 
>^V^'i7A5 1 i'>^^«3 2 Ott. <t^ti^#ft 
$ ttfl^HX ^ ^ ->^ffi S^ffl L T^fig-T -5 »^ *> 
$.-5. ^©->Un>y;i/T--j7A^+>^;wS3 2 0 £ 

H,, SiH,Cl,. SiCl, £fcttSi,H,;tfX£{5efflU y;PV 
^^AV-X^fXiUTttGeH.^XS^fflT^-S^. C 

>y;U-r-^A^-^>*;US3 2 0Of$li|!)5 0~1 

o o o Atc-r-S). 

[0020] ^ic, ->u =i>y;i/v--?A5 1 ^>^;ue 

3 2 0<O±gBS®*i^^®^n-5«fc^^^:®tC7;i/5 
ABMfcit 3 3 0 Rtf y- h««S 3 4 0 *mk\zB 

fig-r^. uut7;Rz^AiM3 3 o«y- 

M<i:bTfiEt>n«.. ^©T;i/5^"i/A^bl^3 3 0WJP 
Stt2 0~5 0 0 AK-rS. u«7^5rOA^tK3 

3 o zMfcTzfimt Lx\tm^mmmm^tsit^m 



( 6 ) 

9 

BI3 3 oammmmt&miz-rz. -tosaw:. mmm. 
132 ortT->'j3>ty^v-^A^^sn-5a^ 

o o~7 o oTCKUtflps-ff*. — 

So 

[0021] *ic, m&<D'ta&'*x9Wknjr->**m 

LT/t^-xS/^Stlfcy- H«1I3 4 0RZfTJl>S. 
=9£JMUK3 3 O SJgfig-rs. BP*>> 

f-LT, Z. <D7 * hVV 7, hWkrti? 9 L 
LTy-h#«S3 4 0&^7;U = n^A^<t;|g[3 3 0 

[0 0 2 2] H4(C^Lfc«t'5t < ^®C12i 

£©P*aAjg««l X 1 0' J ~1 X 1 O'Vcm'CU a 
AX^JWIi 2 ~ 3 0KeVC9ffiX*;i^H: iTS^i^ 
OV-XRtf FH>**3 5 0'*»f)Tf*. CCDS 
^OV-XRtf HH>I*3 5 0'*«f 30 
CifCj;oT->U3>y;WT-^A5 1 +>^;P«3 2 0 

[oo2 3]^(c. H5ic*L&j:3c. y-hmmm 
3 3 ooiii:^^— y-3 6 o&Mi&-rz>. 

D-3 6 0lt ^U3>lffl3 6 1tyU3>t-l'h7 

B(C->U 3>yjl/V-^A^^>^;^3 2 0 

fTbTy-h^«Jf 3 3 0 U 3 >BMfcll 

3 6 1 ty'jn>t-f ^71" H13 6 2*86**. # 

;pvx *)VM 3 2 orosm^®±{c->un> 

I3 7 0'4»)«t4. »Hy-hitI3 4 0«>#U 

tfrt2->ua>g3 7 o'A«M*n 

StH^ftcy-h2»m^3 4 0±Kte#'J:>Uri>JI3 

8 otfMi&znz. 

[0 0 2 4] 0 6fC^bfcJ:3{C. #Uy'J3> 50 
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■ 3 8 0 tiWfc £ ftfc»*4fe»CNffl*M«K > A 

fffit^. cro^fttAjgft«l x l 0 ,s ~l X 1 O'Vc 
m' K U SAl^MB 1 0 ~ 8 0KeV©X*;l^— £ 
&A£tifcNM^«iE#K *>J4. vUn>S 
(0 5 ©3 7 0')Rytv"Ja>y^TX'7A5 1 ^>^;U 
S3 2 0 £MSLT¥*U#*I£3 0 0 t^AStlS. 5fc 

*K5-f^-f T5t¥^ftSS3 0 OS 

tf->'jn>mzOAft>*;H3 2 0©— «*« 
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